Background
==========

Cesarean section (CS) is increasing markedly worldwide. In the United States, the CS rate has increased by 48% since 1996, reaching a level of 31.8% in 2007 \[[@B1]\]. In Brazil, CS has been associated with high socioeconomic status (SES) \[[@B2]\] and its rate has increased from around 15% in the 1970's to 50% in 2011 \[[@B3]\], reaching 77% in some private clinics \[[@B4]\]. This trend is reflected in many parts of the world. In China, the most populous country in the world, CS rates are approaching 50% \[[@B5]\].

Overweight and obesity rates are also increasing across the world. In school children, they have been related to an increased risk for metabolic disorders in adulthood \[[@B6]\]. Many low- and middle-income countries present overweight and obesity rates among adults or children similar to those found in the US \[[@B7]\]. It appears that the rate of increase per year in the prevalence of overweight plus obesity is about 1% for adults and 0.5-0.7% for children in the US, Australia, United Kingdom and China \[[@B8]\]. However, higher BMI and overweight remain concentrated in higher socioeconomic groups in many but not all low- to middle-income countries \[[@B9],[@B10]\]. In Brazil, considering the epidemiologic transition in the presence of rapid socioeconomic mobility, the obesity rate has increased modestly between 1974/75 and 1989, but has shown a sharp increase from 1989 to 2009 in all age ranges and socioeconomic strata \[[@B11]\].

The development of obesity is a complex process involving genetic susceptibility and environmental factors, both of which remain only partially understood. In such instances, the gut microbiota is being increasingly recognized as an important factor connecting genes, environment, and the immune system \[[@B12]-[@B14]\].

Recently we have shown in a Brazilian birth cohort study of 2,057 subjects that those who were born by CS had a significantly increased risk of obesity at 22--25 years of age \[[@B15]\]. One of the possible mechanisms proposed has been related to the type of birth, vaginal or cesarean delivery, which may have a role in this metabolic imprinting \[[@B16]\]. Recent data have revealed that the gut microbiota can be considered to be an environmental factor that modulates obesity and other metabolic diseases \[[@B17]\].

Further studies have raised controversy regarding the association between CS and obesity. In addition to our study \[[@B15]\], other cohort studies identified CS as a significant risk factor for obesity \[[@B18]-[@B21]\]. Nonetheless, this same risk of obesity in adulthood was not detected in other Brazilian birth cohort studies, but only among boys aged 4 years \[[@B22]\]. Recently, a meta-analysis indicated that CS was moderately associated with offspring overweight and obesity \[[@B23]\].

As the association of CS and obesity seems to be a fact for adults, we hypothesize that this may also be the case for schoolchildren, even from settings with distinct socioeconomic backgrounds and with different prevalences of CS and obesity. Thus, the objective of the present study was to provide a new contribution for this causal pathway, investigating the association between CS and BMI and obesity rates in two birth cohorts from different areas in Brazil with distinct socio economic status.

Methods
=======

This study was approved by the Research Ethics Committee of the University Hospital, Faculty of Medicine of Ribeirao Preto, University of Sao Paulo; and by the Research Ethics Committee of the University Hospital, Federal University of Maranhao, Brazil. All participants gave signed informed consent.

This is a study including two birth cohorts from two different Brazilian cities. These cohorts were set up to investigate perinatal health and to study the effect of early life factors on chronic non-communicable diseases in later life.

The first birth cohort started in 1994 in Ribeirao Preto (RP) in Sao Paulo state. RP is a city with a total population of 461,427 inhabitants, located in the most developed state in Southeastern Brazil and ranked 22nd in the Human Development Index, considering Brazilian cities \[[@B24]\].

The second birth cohort started in 1997 in Sao Luis (SL) in Maranhao state. SL is a city with a total population of 871,068 inhabitants and is one of the poorest state capitals in the Northeastern region, the least developed area of Brazil, ranked 1112nd in the Human Development Index \[[@B24]\].

In RP, 2,923 newborns were included corresponding to all live-births during a 4-month period in the 10 maternity hospitals in the city (from April to August 1994). After exclusion of multiple births (n = 65), 2,858 singletons remained. Missing information amounted to 5.8% and was due to early hospital discharge or refusal to participate \[[@B25]\].

In SL, a systematic stratified sample according to the number of births in each of the 10 maternity hospitals in the city was collected from March 1997 to February 1998. One out of 7 births was selected from each maternity hospital. A total of 2,541 births were initially selected and, after excluding multiple gestations (n = 50) and stillbirths (n = 48), a final sample of 2,443 live-births was included \[[@B25]\].

Anthropometric measurements were obtained from newborns in the two live-birth cohorts just after birth (birth weight and birth length) by trained staff. Information related to the gestational, delivery and post-delivery periods was obtained by means of a standardized questionnaire.

In 2004/2005, a randomized sub-sample from each of the original live-birth cohort samples was calculated for reassessment. The following categories were selected according to birth weight: \<1,500 g \[very low birth weight (VLBW)\]; 1,500-2,499 g \[low birth weight (LBW)\]; 2,500-2,999 g \[insufficient birth weight (IBW)\]; 3,000-4,249 g \[normal birth weight (NBW)\]; and ≥4,250 g \[high birth weight (HBW)\]; the latter birth weight category corresponded to +2 SD from the mean. The lowest (\< 2500 g) and highest (≥4,250 g) categories of birth weight were oversampled in order to increase the power of the study \[[@B25]\].

Children were searched at schools or at home in both cities. Parents or persons responsible for all VLBW, LBW and HBW and for a fraction of one out of three children in the remaining groups were invited to participate by telephone or mail. In RP, after exclusion of 48 deaths in the first year of life, 2,810 children were alive at one year of age; from these, 1,150 children were eligible for follow-up. The follow-up rate was 68.7%, 24 of them being VLBW, 145 LBW, 593 IBW and NBW, and 28 HBW, for a total of 790 children aged 10--11 years \[[@B25]\]. In SL, after exclusion of 65 deaths in the first year of life, 2,378 children were alive at one year of age; 926 of these children were eligible for follow-up. With a follow-up rate of 72.7%, 673 children from 7 to 9 years old were evaluated, five of them being VLBW, 76 LBW, 573 IBW and NBW, and 19 HBW. Details of the methodology and flow charts of the studies were published previously \[[@B25]\].

In both cities losses were due to the impossibility of locating the children, to migration, to the fact that the children were not enrolled in school, to refusal on the part of the parents or because two schools in SL did not allow the research team to contact the children.

The variables obtained at birth and late infancy in both live-birth cohorts considered in this study were: type of delivery (vaginal or cesarean section), maternal smoking during gestation (yes or no), maternal schooling in completed years (≤ 8, 9--11 and ≥ 12), newborn gender (male or female), preterm birth (\<37 gestational weeks based on the last menstrual period), maternal weight before pregnancy informed by mothers (continuous variable collected only in SL). Due to small numbers in the VLBW and HBW groups, birth weight in grams was reclassified in three groups for analysis (≥ 3,000 g, 2,500 \|- 3,000 g and \< 2,500 g).

In 2004/2005, anthropometric measurements (weight and height) were obtained from the two subsamples. Body mass index (BMI) was calculated by dividing weight in Kg by height in m^2^. Obesity was defined as BMI ≥ 95th percentile according to gender and age in months \[[@B26]\]. Type of schooling was classified as public or private and exclusive breastfeeding duration was categorized into ≤ 30 days, \> 30 days, and no breastfeeding.

Statistical analysis
--------------------

Samples of 771 individuals have an 80% power to detect a minimal difference of 4% in obesity rates (estimating the prevalence rate of obesity at 10%) between the exposed and the non-exposed group, with a 5% likelihood of type I error \[[@B27]\].

Due to the complex sampling design, children with low and high birth weights were over-represented in the samples. Therefore, the prevalence estimates and their standard errors were calculated taking into account the different probabilities of selection of each birth weight and preterm birth group. Stratification of the sample by birth weight was also taken into account \[[@B25]\].

In order to investigate the association between CS and obesity in school-aged children a multivariable logistic regression model was performed, using the covariables described above in the adjustment. Furthermore, a multiple linear regression model was performed in order to investigate the association between CS and BMI z-score, as a continuous variable, also using the same covariables for controlling of confounding. Because of differences in age and sex, BMI was standardized by them as recommended by the World Health Organization \[[@B28],[@B29]\]. Missing data on covariates were excluded from the final models when missing values were less than 5%. In the case of maternal schooling a dummy variable for missing cases was included in the analysis.

Results
=======

In 2004/2005, at reassessment of the two birth cohorts studied, the obesity rate was 13.0% in RP, whereas in SL it was 2.1%. The CS rate was 54.5% in RP and 30.8% in SL. The prevalence of obesity in RP was significantly higher in children delivered by CS compared with those born by vaginal delivery (15.7% vs 9.8%, P = 0.022). In SL, despite obesity not being significantly associated with type of delivery (p = 0.091), the obesity rate in children born by CS was more than twofold higher than among those born by vaginal delivery (3.5% and 1.4% respectively). Obesity was also associated with higher level of maternal schooling in RP. On the other hand, there was no significant association among covariates and obesity in SL (Table [1](#T1){ref-type="table"}).

###### 

Prevalence rates of obesity according to covariables in Ribeirao Preto and Sao Luis, Brazil

  **Variables\***                            **Ribeirao Preto**   **Sao Luis**                                  
  ----------------------------------------- -------------------- -------------- ------- ------------ ---------- -------
  Type of delivery                                                               0.022                           0.091
    Vaginal                                      353 (45.5)         33 (9.8)             460 (69.2)   7 (1.4)       
    Cesarean                                     437 (54.5)        71 (15.7)             213 (30.8)   8 (3.5)       
  Maternal schooling at birth (years)              0.010                                   0.811                
    ≤ 8                                          462 (58.3)        46 (10.0)             404 (60.6)   8 (1.9)       
    9 -- 11                                      170 (20.8)        34 (20.8)             255 (37.6)   7 (2.4)       
    ≥ 12                                         93 (11.9)         15 (12.7)              14 (1.8)    0 (0.0)       
    Missing                                       65 (9.0)          9 (14.8)              0 (0.0)     0 (0.0)       
  Maternal smoking during pregnancy                0.948                                   0.442                
    No                                           595 (80.6)        82 (13.3)             645 (96.0)   15 (2.2)      
    Yes                                          160 (19.4)        19 (13.1)              28 (4.0)    0 (0.0)       
  Birth weight (g)                                                               0.159                           0.157
    ≥ 3,000                                      447 (64.0)        70 (14.6)             458 (69.8)   7 (1.5)       
    2,500\|- 3,000                               174 (26.1)         17 (9.9)             134 (23.6)   4 (3.0)       
    \< 2,500                                     169 (9.9)         17 (10.4)              81 (6.6)    4 (4.9)       
  Preterm delivery                                                               0.852                           0.315
    No                                           604 (87.9)        82 (13.1)             586 (88.3)   14 (2.2)      
    Yes                                          186 (12.1)        22 (12.5)             87 (11.7)    1 (0.8)       
  Newborn gender                                                                 0.152                           0.056
    Male                                         402 (50.8)        62 (14.8)             348 (51.7)   11 (3.1)      
    Female                                       388 (49.2)        42 (11.1)             325 (48.3)   4 (1.0)       
  Maternal schooling at follow up (years)         \<0.001                                  0.851                
    ≤ 8                                          455 (58.8)         39 (8.9)             317 (48.5)   6 (2.0)       
    9 -- 11                                      221 (27.7)        47 (21.2)             317 (48.7)   8 (2.2)       
    ≥ 12                                         106 (13.5)        17 (13.6)              21 (2.8)    1 (3.7)       
  Duration of breastfeeding                        0.242                                   0.372                
    \>30 days                                    616 (80.8)        76 (12.2)             521 (79.4)   11 (1.8)      
    No Breastfeeding                             104 (12.0)        17 (18.6)              62 (9.4)    1 (2.0)       
    ≤ 30 days                                     60 (7.2)         10 (14.2)             71 (11.2)    3 (4.5)       
  Type of school                                                                 0.405                           0.555
    Public                                       647 (83.0)        80 (12.5)             519 (78.2)   10 (1.9)      
    Private                                      143 (17.0)        24 (15.4)             153 (21.8)   5 (2.7)       

\*Missing values less than 5% were not shown in the table.

CS was significantly associated with obesity in RP but not in SL in the unadjusted analysis. After adjustment, CS remained associated with obesity in school-aged children in RP. Children born by CS presented a 74% higher prevalence rate of obesity at school age. There was a small change in the estimate after adjustment suggesting no significant confounding effect of the covariates included in this model. In SL there was no significant association between CS and obesity; however; the OR was markedly positive (OR = 1.66, 95% CI 0.44 to 6.33) (Table [2](#T2){ref-type="table"}).

###### 

Unadjusted and adjusted Odds Ratio for obesity according to type of delivery in Ribeirao Preto and Sao Luis, Brazil

                      **Ribeirao Preto**       **Sao Luis**                            
  ------------------ --------------------- --------------------- --------------------- ---------------------
     **Variable**      **Unadjusted OR**      **Adjusted OR**      **Unadjusted OR**      **Adjusted OR**
     **(95% CI)**        **(95% CI)**          **(95% CI)**          **(95% CI)**      
   Type of delivery                                                                               
       Vaginal               1.00                  1.00                  1.00                  1.00
       Cesarean       1.72 (1.08 to 2.74)   1.74 (1.04 to 2.92)   2.44 (0.84 to 7.16)   1.66 (0.44 to 6.33)

*OR*, Odds ratio; *CI*, Confidence interval.

Models adjusted for maternal schooling (collected at delivery and follow up), maternal smoking during pregnancy, duration of breastfeeding, newborn gender, birth weight and gestational age, type of school and, only in Sao Luis, pre-pregnancy maternal weight.

In the unadjusted linear model performed aiming to investigate the association between CS and BMI as a continuous variable, children born by CS presented BMI z-scores about 0.31 to 0.43 higher than those born by vaginal delivery in the two cities in the unadjusted analysis. After adjustment the estimates reduced a little, to 0.31 in RP and 0.28 z-score in SL (Table [3](#T3){ref-type="table"}).

###### 

Simple and multiple linear regression models considering the association between type of delivery and BMI z-score in school-aged children in Ribeirao Preto and Sao Luis, Brazil

     **Variable**     **Ribeirao Preto**       **Sao Luis**                            
  ------------------ --------------------- --------------------- --------------------- ---------------------
   Type of delivery                                                                               
       Vaginal               0.00                  0.00                  0.00                  0.00
       Cesarean       0.43 (0.24 to 0.62)   0.31 (0.11 to 0.51)   0.32 (0.15 to 0.51)   0.28 (0.08 to 0.49)

*LC*, Linear coefficient; *CI*, Confidence interval.

Models adjusted for maternal schooling (collected at delivery and follow-up), maternal smoking during pregnancy, duration of breastfeeding, newborn gender, birth weight and gestational age, type of school and, only in Sao Luis, pre-pregnancy maternal weight.

Discussion
==========

By using birth cohort data from two Brazilian cities with distinct socioeconomic backgrounds, this study showed that CS was associated with later risk of obesity in Ribeirao Preto, Southeastern Brazil, an area with high CS and obesity rates, but not in Sao Luis, Northeastern Brazil, where CS and obesity rates were lower. We were also able to demonstrate a significant association between CS and higher BMI z-score in school-aged children from these two Brazilian birth cohorts.

CS has been associated with adverse outcomes during the life course. From a very early adaptive period to long-term effects such as immune response leading to an increased risk for asthma and neuroendocrine diseases, changes influencing stress response during the life course have been associated with CS \[[@B30],[@B31]\]. The results of some previously published studies regarding the association between CS and overweight/obesity were mixed. Ajslev *et al.* did not find an overall significant association between CS and overweight in children aged 7 years in a large Danish birth cohort. However, they observed that antibiotic use before 6 months of age was associated with increased risk of overweight among children of normal weight mothers delivered by CS and also described a tendency towards increased risk of overweight in boys delivered by CS \[[@B18]\]. We speculate that the small obesity rate (1.5%) and CS rate (12.4%) in that study could have not allowed the authors to detect a significant association between CS and obesity, despite the study's large sample size. In our study, the age difference of the children in the two cities could be partially responsible for the higher prevalence of obesity in RP compared to SL; however, the prevalences are too different to be explained by the children's age only.

In a newborn cohort study in the US, Rooney *et al.* reported that mode of delivery was associated with a 2.49 (95% CI: 1.10, 5.62) increased relative risk for obesity in childhood, but not in adolescence or early adulthood. The CS rate in that study was 7.8% and the obesity rate was 22.6% in childhood, 29.6% in adolescence and 14.1% in adulthood \[[@B19]\]. A case--control study from urban China also reported that CS was associated with an increased risk of obesity in preschool children \[[@B20]\]. In another study, Huh *et al.* evaluated 1,225 children at 3 years of age in Boston, USA, and described a 3-fold increase in obesity in those delivered by CS after adjusting for a number of confounders, in agreement with our findings for the RP cohort \[[@B21]\]. More recently, in the United Kingdom, Blustein *et al.* carried out a longitudinal study with 10,219 children and identified a significant association between CS and overweight in 11 year olds \[[@B32]\].

In a previous study, we also found an adjusted prevalence ratio of 1.58 (95% CI: 1.23, 2.02) for obesity among young adults delivered by CS in RP, which is in accordance with our childhood data from the same city presented here \[[@B15]\]. Barros *et al.*, using data from three different birth cohort studies from early childhood to young adulthood in Pelotas, Southern Brazil, did not obtain findings similar to ours in nearly all groups but boys aged four \[[@B22]\]; however, the prevalence of obesity (8.3%) and CS rate (27.3%) in the oldest cohort were smaller than those in our previous study in RP, where the prevalence of obesity was 13.3% and CS rate was 31.5%. They used several covariables such as maternal height, pre-pregnancy weight, maternal skin color, and birth order in the adjustment. Even though the effect of CS was no longer significant after adjustment, the prevalence ratio remained positive in all categories, suggesting that, despite the large sample, their study may not have had enough power to detect a possible small effect size of CS on obesity in Pelotas. On the other hand, as in RP there was a higher prevalence of obesity and CS, it is possible that this fact collaborated to a higher power of this study to detect the association.

Recently, Flemming *et al.* also presented discordant results to ours \[[@B33]\]. Similarly to Barros *et al.*, the authors did not find a significant association between CS and overweight/obesity. After adjustment the association between CS and overweight/obesity was no longer significant, but the odds ratio remained positive in all models. Low power to detect a significant association was not excluded by the authors. In this present study, CS was associated with obesity in the more developed city, RP, but not in the less developed one, SL. Differences in CS and obesity rates between RP and SL may explain the discrepant results. In RP, high CS and obesity rates may have allowed us to detect a significant association between CS and obesity, which persisted after adjustment. Conversely, SL presented smaller CS and obesity rates, which may have decreased the power to detect a significant association between CS and obesity. However, in the multiple linear analyses, we were able to show a significant positive association between CS and BMI z-score in the two birth cohorts.

We speculate again about the role of environmental issues as factors contributing to obesity since we had hypothesized that increasing rates of CS may play a role in the obesity epidemic worldwide \[[@B15]\]. The link might be the intestinal microbiota that seems to play a role in the interaction between host genotype and diet to modulate host physiology and metabolism. Recent data have shown that the intestinal microbiota can affect obesity \[[@B17]\] and that the newborn's intestinal bacteria during the first days of life may be influenced by the type of delivery \[[@B34]\]. Moreover, intestinal colonization could have a long-lasting effect on general health \[[@B35]\].

Other mechanism could also be hypothesized. CS has also been associated with alteration of newborn hormonal milieu, characterized by, for example, lower concentrations of plasma leptin and ghrelin in human newborns and other orexigenic peptides in animal models, which are related to *post partum* appetite control and have been reported to be associated with an increased risk for later obesity \[[@B23],[@B30],[@B36]\].

The main strength of our study was to detect the significant association in two different locals with differing confounding structures, reinforcing the causal inference between CS and obesity. In addition, our findings were sustained by a larger number of covariates included in the models compared with our previous study \[[@B15]\] and a sample size able to detect significant association between CS and BMI z-score. The main limitations were the lack of data related to CS indication and maternal pre-pregnancy weight in RP. We also did not have information on whether CS occurred or not before labor was started.

In previous studies we showed that, in RP, a lower percentage of children who participated in the follow-up study was born to mothers with low schooling and who smoked ≥ 10 cigarettes per day during pregnancy in comparison to eligible children who did not participate, but there was no difference regarding offspring sex \[[@B25],[@B37]\]. The proportion of children born by CS was higher among those who participated in the follow-up when compared to those who did not participate (55.3% and 49.5% respectively, p = 0.06). In SL, a lower proportion of children were born to mothers with high schooling and who gave birth to males among those who participated in the study in comparison to the eligible group who did not participate (25); there was no difference regarding smoking status between the two groups \[[@B37]\] and also for CS rates (31.6% and 34.5%, p = 0.194). Differences in birth weight and preterm birth were observed due to the complex sampling design of the study and were corrected by weighting. The differences in the participation rates, especially regarding CS rates in RP, could have increased the likelihood of selection bias and could have led to an overestimation of the association between CS and obesity in this city.

It is possible that the increasing CS rates observed worldwide are collaborating to the obesity epidemic. In Brazil, maybe the audit practice on the medical profession, legislated for by the government, to assess whether clinical standards of care are being met, could help to lower these rates, as well as the use of outside assessors would be helpful \[[@B2]\].

In conclusion, this study demonstrated a positive association between CS and increased BMI z-score in areas with different SES in a middle-income country. Our results pointed out that CS may be associated with obesity in areas with high CS and obesity rates. Possible mechanisms to explain this association are changes in gut microbiota or in the hormonal milieu induced by CS, which may increase the risk of obesity in later life.
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